
Rootstocks seemingly influenced the cold hardiness due 
to water stress in this study. Water-stressed 'Valencia' 
orange trees showed more cold hardiness on C. miaray and 
C. volkameriana rootstocks than on C. macrophylla (Table 
I). Increased cold hardiness of 'Star Ruby' grapefruit trees 
was most apparent in the leaves of water-stressed trees on C. 
miaray rootstock and in the wood of trees on rough lemon 
(Table 2). Rootstocks influence water stress in citrus trees 
under natural conditions (4) and trees on rough lemon are 
not only large users of water in the soil, but also are more 
drought-tolerant than trees on other rootstocks (I, 5). This 
is largely because of rough lemon's well-distributed and 
dense root system. Less extensive root systems associated with 
more cold-hardy rated rootstocks are sometimes a disad
vantage in citrus freeze survival. For example, more 
mandarin-hybrid trees on cold-hardy trifoliate orange (Pon
cirus trifoliata) rootstock than on cold-sensitive rough lemon 
were killed during two consecutive freezes in west-central 
Florida (9). 

Recognizing practical limitations, the water content of 
healthy trees is yet another of many factors associated with 
cold hardiness of citrus trees. In today's citriculture, innova
tion and widespread use of irrigation systems provide more 
controlled watering than was previously available. This, plus 
changing economics and reduced availability and increased 
cost of fossil fuels, may encourage growers to consider water 
stress for added freeze protection through increased cold 
hardiness of the trees. 
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Abstract. A breeding program initiated in 1970 yielded 
7 interspecific and intergeneric hybrids superior in burrow
ing nematode resistance to either Milam lemon (Citrus sp.) 
or Ridge Pineapple (Citrus sinensis (L.) Osb.). The hybrid 
combinations are: Poncirus trifoliata x Milam; Ridge Pine
apple x P. trifoliata; and Ridge Pineapple x Milam. Root
stock potentials for the hybrids are unknown. Assuming that 
some of the hybrids prove to be desirable rootstocks, it will 
be 15 to 20 years before budded trees on seedling roots 
could be available for commercial use. 

Milam, a lemon type of unknown geneology, and Ridge 
Pineapple sweet orange were classified resistant to 
Radopholus similis (Cobb) Thorne-the burrowing nema
tode when released to industry in 1964 (1). Milam has 
been planted extensively in push and treated groves in
fested with R. similis, while Ridge Pineapple has met with 
only limited acceptance. Milam has many characteristics 
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comparable to rough lemon while Ridge Pineapple per
forms similar to sweet orange rootstock. 

The term resistant rootstock has been used to describe 
greenhouse grown test plants which may be invaded by 
nematodes, but on which they remain at low levels and the 
plants show little if any growth retardation. Some nema
todes may be present for an indefinite period. 

A breeding program was initiated in 1970 to improve the 
nematode resistance and foot rot tolerance of Milam and 
Ridge Pineapple as well as their influence on fruit quality 
and cold hardiness. 

Hybrid Combinations 

The combinations selected for trial were crosses between 
Poncirus trifoliata x Milam, Ridge Pineapple x P. trifoliata, 
and Ridge Pineapple x Milam. Reciprocal crosses were 
made but no progeny obtained. 

Ridge Pineapple x P. trifoliata crosses performed in 1970 
and 197 I yielded 320 seedling hybrids with trifoliate leaves, 
while Ridge Pineapple x Milam yielded seedlings with a 
range of unifoliate leaf characteristics. All seedlings with 
leaves that appeared different from Ridge Pineapple were 
selected for evaluation. P. trifoliata x Milam had seedlings 
with variations in leaf patterns such as larger center leaffets 
suggesting potential hybrids or variants. 

Methods for Selecting Nematode Resistant Progeny 

A 9.5 m 2 soil tank containing Astatula fine sand was 
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infested with R. similis. Progeny seedlings were transplanted 
into the tank for 2 months, followed by an evaluation for 
R. similis infestations, and transplanting to 25 cm clay pots 
containing Astatula fine sand. After 9 to 12 months in a 
greenhouse, each seedling being evaluated was rated for 
shoot growth, root vigor, visible nematode root injury, and 
numbers of R. similis that survived or reproduced on a 
sample of feeder roots. A seedling had to receive the highest 
rating in each category and be completely free of R. similis 
in root samples in order to remain a promising candidate. 
The seedling was then placed back into the nematode in
festation tank. The nematode survival test was repeated 3 
to 4 times over a period of 5 years. In each successive test, 
the candidate was eliminated if only one burrowing nema
tode survived on feeder roots. The testing procedure was 
extremely severe. Some seedlings passed 3 tests only to fail 
the 4th test when one nematode was present in a root 
sample. 

Progeny Rated Best for Resistance 

Seven seedlings were rated superior in resistance to 
R. similis. The seedling listed first for a specific parentage 
is considered the best candidate for resistance to R. similis. 

(CES 1573-26) Ridge Pineapple x P. trifoliata. P. tri
foliata pollen was collected in March 1971 from a hedgerow 
of large flowered seedlings located near the railroad tracks 
of the Agricultural Research and Education Center, Lake 
Alfred. The parent source of the P. trifoliata hedgerow was 
a hedge of P. trifoliata located at the U. S. Horticultural 
Field Station, Orlovista Rel., Orlando, FL. Ridge Pine
apple, used as the female parent, was a row of cuttings in 
the Adams Citrus Nursery, Haines City, FL. The cuttings 
were part of the original variety release of Ridge Pineapple 
in 1964 (1) and certified as being nematode resistant Ridge 
Pineapple. A total of 294 trifoliate leafed hybrid seedlings 
were obtained. Plant number 1573-26 was seedling number 
26. All of the remaining seedlings were eliminated in the 
screening program. 

(CES 1575-21) Ridge Pineapple x P. trifoli
0
ata. Pollen 

was collected from the hedgerow at Lake Alfred in April 
1971 and placed on flowers of Ridge Pineapple at Adams 
Citrus Nursery. A total of 35 seedling hybrids were obtained. 
CES 1575-21 was seedling number 21 in the screening pro
gram. 

(CES 1578-173) Ridge Pineapple x Milam. Pollen was 
collected in 1972 from a certified Milam tree located in the 
Division of Plant Industry foundation planting near US-27 
and I-4. The planting is no longer in existence. The pollen 
was placed on Ridge Pineapple flowers at Adams Citrus 
Nursery. A total of 802 seedlings were secured. Initially, 
the seedlings were culled based on leaf characteristics that 
resembled Milam. Undoubtedly, non-hybrid seedlings were 
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included in the screening program and probably some 
hybrids were discarded in the initial culling operation. CES 
1578-173 was seedling number 173 in the screening pro
gram. 

(CES 1578-201) Ridge Pineapple x Milam. This seedling 
was from the same pollination as CES 1578-173. It was 
seedling number 201. 

(CES 1584) P. trifoliata x Milam. Pollen was collected in 
1970 from trees located in the dormitory block of the Agri
cultural Research and Education Center, Lake Alfred. The 
flowering Milam trees were developed from root sprouts of 
the original 'Parson Brown' on Milam discovered in 1954 
in a grove near Davenport, FL. The large flowered P. tri
foliata female parent was the hedgerow described under 
CES 1573-26. Seedling CES 1584 was number 15 and 
originally had the number CES 1568-15 prior to 1975. 

(CES 1586) P. trifoliata x Milam. This plant came from 
the same cross as 1584. It was originally plant number 428 
with the number CES 1568-428. It was assigned number 
1586 in 1975. 

(CES 1587 P. trifoliata x Milam came from the same 
cross as 1584. It originally was plant number 380 and 
known as CES 1568-380. It was assigned number 1587 in 
1975. The clone is being maintained by cuttings since the 
original seedling died in 1977. 

Discussion 

All of the hybrids identified were considered superior to 
'l\tlilam' or Ridge Pineapple for resistance to R. similis 
because no nematodes were present after I year in green
house tests. They are not immune because R. similis pene
trated the roots and was recovered while the plants were 
growing in nematode infestation tanks. The nature of re
sistance is unknown. 

The rootstock potential for the hybrids is unknown. 
Seed sources must be developed and nematode resistance 
tests rerun on the seed sources. The clones must also be 
evaluated for resistance to citrus nematode, foot rot, blight, 
cold hardiness, drought resistance, etc. as well as their de
sirability as rootstocks influencing growth, yield, and fruit 
quality of scion varieties. 

The use of cuttings for rootstocks has not been popular. 
Milam was propagated extensively by cuttings during 1964-
66 with unfavorable reports by nurserymen. Assuming that 
some of the hybrids prove to be desirable rootstocks, it is 
estimated that it will be 15 to 20 years before budded trees 
could be available for commercial use. 
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